Urban parks provide important ecosystem services, for instance curbing urban heating by the cooling effect of evapotranspiration and shading. As elderly people constitute a group of citizens who are particularly vulnerable to urban heating, the accessibility of urban parks is of special interest for this target group. For Salzburg City, we aggregated to census tracts (Zählsprengel) (1) the near-future average annual sum of summer days, as modelled by the Austrian national weather service, (2) the walking distances to urban parks as calculated by GIS-based network analysis, and (3) the proportion of citizens who are more than 65 years old. Using geostatistical cluster analysis, areas were identified which comprised a combination of high urban heating risk, a high proportion of elderly people, and low accessibility to urban parks. The case study showed that the methodology is suitable for identifying contiguous and homogeneous areas of interest to which targeted planning strategies for climate adaptation can be applied, especially if the spatial resolution is increased by microscale demographic data.
Introduction and problem statement
Urban parks are not only the major locality for recreation of city dwellers. They also have a 'Cool Island' effect on surrounding built-up areas. The spatial range of the result of evaporative cooling, shading and thermal admittance is related to park size as well as to the density, direction and vertical extent of built-up areas (Žuvela-Aloise et al., 2016) . Parks therefore provide regulating ecosystem services by cooling the surrounding built-up areas. In the literature, there is a general consensus that climate change adaptation in urban areas calls for the protection of existing green spaces and, ideally, the creation of more green spaces (Gill et al., 2007) . Yet, it is unanimously accepted that space is limited and contested, so that competing land uses curb the implementation of planning recommendations, and compact cities tend to have smaller and more disconnected green spaces.
A very recent review article has highlighted a research gap by pointing out that most studies on urban green spaces do not represent the diversity of modern urban societies (Botzat et al., 2016) and that survey-based research on park visitors and residents omits social groups with more limited physical access to urban green spaces. Especially for city dwellers with impaired physical mobility and limited access to public transportation, including on grounds of travel costs, park accessibility is an important spatial constraint. The frequency of walking for pleasure or fitness is a typical close-to-home activity that is affected by both the amount of green space and the distance to it (Neuvonen et al., 2007) . A study in Vienna (Arnberger & Eder, 2011) found no differences between park visitor age groups for gender, ethnic origin, group size or access mode, but visitors over the age of 60 visited the green space more often for walking than for other activities. Since elderly people are among the most vulnerable groups for urban heat stress, more research is needed to adequately consider this group in urban planning. In particular, the relationship between access to parks and exposure to urban heat island effects might be of interest for sustainable planning with respect to this group. Targeting this specific age group also reflects the policy and planning paradigm that urban green spaces are important age-friendly features of livable cities (WHO, 2007) and that elderly city dwellers especially need good access to urban green spaces because factors such as old age and poor health can reduce their mobility and hence the frequency of use of the nearest green spaces (Schipperijn et al., 2010) . Last but not least, attractive public green spaces are important from a public health perspective, as recreation and physical activities in parks have demonstrated positive effects on health for an increasingly ageing and urbanized society (Arnberger & Eder, 2011) .
Analyses utilizing Geographic Information Systems (GIS) have shown that equity in accessibility of urban green space is limited. Accessibility can be evaluated by per capita values, radius (buffer) methods that employ Euclidean or city block distance algorithms, or network analyses. It has been shown that the last of these outperforms both spatially implicit per capita and buffer methods (Barbosa et al., 2007; Comber et al., 2008; Kabisch & Haase 2014; Nicholls 2001) . In the light of these findings, the present paper has the following objectives:
 to use network analysis in GIS coupled to Python applications to calculate walking distances to parks as an indicator of accessibility of public green spaces for residential buildings and urban census tracts  to integrate the derived walking distances with demographic data and climate scenarios in one analysis  to pursue a systemic view by combining these data sets, pertaining to different aspects of urban systems  to identify homogeneous and contiguous areas to which high proportions of senior citizens, high urban heat stress risk, and low accessibility to urban parks apply  to frame automated GIS workflows and tools which allow urban planners and decision-makers to deduce these areas of special interest from data which is readily available to them.
Data and methods

Study area and urban climate change
Global warming is expected to increase the number of days with heat stress in urban areas. This will add to the urban heat island effect (Früh et al., 2011; Kuttler, 2011) . The increase of densely built-up areas in Austria's main cities over the period 2011-2030 necessitates additional future green spaces to keep thermal comfort at the current level (Loibl et al., 2015) . In this study, Salzburg City (47° 48' N, 13° 00' E) was used as a case study. It is the fourth largest city in Austria and ranks among the Austrian cities that face the most pronounced need to mitigate future increases of thermal load (Loibl et al., 2015) , a challenge that many other European cities are facing.
Analysing walking distances to parks for residential buildings
An indicator for the accessibility of green spaces supports urban planners in retrofitting urban areas by enlarging green spaces or establishing new parks. A meaningful indicator should measure walking distances from residential buildings or areas over the existing road and path network, which is a very persistent infrastructure in urban settings, as are the residential buildings themselves. The latter could thus be used for this indicator. The metric is applicable in a flexible manner, e.g. by combining the walking distances with walking speeds adjusted to specific target groups.
A tool was created which calculates this accessibility indicator as walking distances from buildings to parks through a pedestrian network. The accessibility tool takes advantage of the complementary functionalities of ArcGIS and Python. The advantage of ArcGIS as a geographical information system is that it can be used for visualization in layers and triggering scripts. Python, which allows access to the ArcPy library, was applied for objectoriented programming and automated processing.
A pedestrian network dataset was created by using the Network Analyst Extension for ArcGIS. For topology reasons, segments had to connect to end points of each other. The length of feature segments in metres was established as the cost attribute. By referring to the set of urban green spaces as destinations, the accessibility tool finds the closest green area for each building. Parks, in this case, are defined as public urban green spaces within the administrative city boundaries. Parks are landscaped and planted with trees, shrubs, lawns and occasionally flowerbeds, and offer recreational infrastructure for different activities and user groups. As network analyses are only able to handle point data, the polygon midpoints were created for each building. For parks, all vertices were converted to points. These points were snapped to the edges of the network, using a search tolerance of 100 metres.
The walking distances to the nearest park were stored as attributes in the building feature layer and could be analysed further. For the purposes of this paper, all buildings within residential zones or zones of mixed use in the land-use plan were selected. The land-use plan (scale 1:5,000) regulates the land use of the entire municipal area with regard to built-up, traffic and agricultural areas. Finally, calculated walking distances for each residential building were aggregated as mean values to census tracts.
Demographic data: percentage of elderly at census-tract level
In Austria, the most detailed demographic and census data available is at the scale of census tracts (Zählsprengel), which correspond with administrative units. In the Salzburg City case study area, there are 192 census tracts (Stadtgemeinde Salzburg, 2016) . Demographic data from the 2013 census was analysed for the percentage of city dwellers aged 65 years and over.
Geodata on future urban climate and exposure to thermal load in the study area
Following the modelling approach of Früh et al. (2011) to estimate climate change impacts on urban environments, a research project by the Austrian national weather service (ZAMG) evaluated possible future changes in urban heat stress in five large cities in Austria (Žuvela-Aloise et al., 2012). The research took into account regional climate projections and urban morphology, thus creating a microscale urban climate model. Modelling results are based on regional climate projections for various International Panel for Climate Change (IPCC) scenarios, A1B, B1, A2, which were down-scaled using a set of regional climate models (Žuvela-Aloise et al., 2012) . ZAMG (2016) provides spatial data as two-dimensional grid fields in text format, with a spatial resolution of 100 × 100 m, for all five cities. The number of summer days (defined as days when the maximum temperature reaches 25°C or more) is a suitable parameter for the estimation of the development of the thermal load, either in a future climate or in comparison between different locations within a city. It is not only the daytime heat, but also the lack of night-time cooling that determines the magnitude of a heat episode and its impacts on human health, especially for vulnerable groups such as small children and the elderly (Kuttler, 2011; Žuvela-Aloise et al., 2016) . The data for the scenario A1B (2021-2050) were downloaded and imported into ArcGIS as grids. Scenarios in the A1 group are based on assumptions of further global economic growth, and in the A1B scenario, all possibilities for energy generation are used equally. Converted to maps, the data presents the average number of summer days in 100 × 100m grid cells and provides detailed information on future urban climate at the residential scale for use in the planning of adaptation strategies.
Spatial analysis
In agreement with the rule that the coarsest spatial resolution determines the scale of spatial analysis, the census tracts were used for a cluster analysis. First, the mean walking distances to the nearest park were aggregated to individual census tracts. For this step, the results of the network analysis (see section 2.2) were used. Second, the results of calculating the percentage of elderly people (65 years and over) in the data tables were joined to the attribute table of the census tract polygons. Third, the mean number of summer days, as projected in the climate scenario for 2021-2050, was calculated for each census tract by using the Zonal Statistics tool in ArcGIS. The 'Grouping analysis' cluster-analysis tool from the Spatial Statistics toolbox and the mapping clusters toolset in ArcGIS were then used to identify clusters of census tracts where unique combinations of ageing population, exposure to thermal load in the near future and walking accessibility to urban parks occur. Using a multi-dimensional data space, this method allows the identification of preferably homogeneous and spatially contiguous clusters. For spatial constraints, the k-Means algorithm was applied. For this purpose, eight neighbouring census tracts were considered, and the Euclidean distance was used for the distance measure. These parameters were set according to the most concise outcomes in terms of high variability between clusters and low variability within clusters.
Results and discussion
Residential accessibility to parks in Salzburg City
According to Barbosa et al. (2007) and Schipperijn et al. (2010) , residential buildings which are within a walking distance to parks of 300m or less are considered to have appropriate access to green space. The map in Figure 1 shows that these buildings are located around the city centre of Salzburg. Residential buildings with walking distances to parks of 500m or more are predominantly located in the outskirts of the city, where green space other than urban parks might be available. These edge effects might be considerable, and the city surroundings should be taken into account in future studies. However, it can also be seen in Figure 1 that there are exceptions to this overall impression, as there are areas with high accessibility to parks in the eastern and northern outskirts as well as in the western part of the centre of Salzburg. Clusters of unique combinations of ageing population, exposure to thermal load in the near future, and walking accessibility to urban parks
As can be seen in Figure 2 , aggregated values of the walking distance to parks, proportion of senior citizens (65 years or older), and the sum of summer days per year were considered in a cluster analysis for each census tract. In addition, the geographical location of each census tract was considered. In total, 15 unique clusters were identified.
Figure 2:
Results of grouping census tracts with a cluster analysis (bottom right: the cluster numbers correspond with Table 1 ) to identify unique combinations of walking accessibility to urban parks (top left), ageing population (top right) and exposure to thermal load in the near future (bottom left).
The explanatory power of these clusters was R² ≈ 0.74 for walking distances to parks, R² ≈ 0.67 for the sum of summer days per year, and R² ≈ 0.59 for the percentage of elderly people (explaining approximately 74%, 67% and 59% of the variation in the data, respectively).
It is worth noting that the parameters considered comprise values for different time periods (2013 demographic data; latest street and path network; climate scenarios for 2021-2050). As the street and path network is considered a largely persistent urban infrastructure, the distortion by a comparison with demographic data from 2013 is regarded to be tolerable in this study. Thermal load is essentially caused by the type of building structure, the surface sealing and the vegetation deficit, which are all relatively persistent characteristics of urban morphology. Therefore, the spatial pattern of summer days in the scenario for 2021-2050 is very similar to the spatial pattern of the reference with measurement data for 1971-2000. What the future scenario highlights is the increasing number of summer days per 100 x 100m grid cell. Taking modelling results for future climate scenarios into account is justified because the methodology presented here itself provides future scenarios based on the present situation. This might be compared to alternative scenarios and contribute to an informed evidence base for urban planners and decision makers. Table 1 : Median walking distances to parks, proportions of senior citizens, and summer days per year for each of the identified clusters (cluster numbers correspond with Figure 2 ). Values which are less/greater than the median over all census tracts are printed in italics/bold respectively. Table 1 ). For instance, in comparison to cluster 3, values for walking distance to parks and proportion of senior citizens are higher than the median values over all census tracts. However, the number of summer days per year in cluster 3 is lower than in cluster 13 and lower than the median value over all census tracts. Figure 3 provides a more detailed comparison of the distributions of these parameters over all census tracts and within cluster 13. It shows that the median values of all three parameters are higher in this cluster compared to all census tracts. Additionally, the median walking distances to parks and the proportion of senior citizens are greater in cluster 13 than the 50% quantile range over all census tracts. This difference in the distribution of values is even more pronounced for the proportion of senior citizens. For this parameter, the 50% quantiles of cluster 13 (red box in Fig. 3 ) do not overlap with those over all census tracts (black box in Fig. 3 ). This strongly indicates a higher proportion of senior citizens in the cluster in question compared to all census tracts. Accordingly, cluster 13 is highlighted in Table 1 and Figure 2 . The map in Figure 2 shows that the spatial cluster of interest is located in the north-eastern outskirts of the city of Salzburg. Suitable climate adaptation in this particular area could comprise planning measures for more urban green space. This could satisfy the ecosystem service demands of senior citizens in particular as a target group which is especially vulnerable to urban heat loads.
Cluster number
Nevertheless, as the identified cluster is located close to the city's administrative border, the effects of being near the city's periphery might be considerable. For this cluster, green space other than urban parks, outside the city boundaries, might be accessible. Accordingly, the city surroundings and urban-rural interconnections should be taken into consideration if applying the method presented here for regional or urban planning. 
Conclusion and outlook
By applying the spatial functionality of GIS and using Grouping Analysis on the accessibility, demographic and climatic characteristics of census tracts, (preferably) spatially contiguous and homogeneous areas were identified. This could help planners to be more effective in applying strategies for climate change adaptation to areas with similarities in the need for action. Simply selecting census tracts that imply a pre-defined combination of attributes above particular threshold values would constitute an alternative and straightforward method. However, this would result in potentially isolated features of interest rather than in contiguous and homogeneous spatial clusters to which targeted urban planning measures with large scale effects can be applied (such as the creation of a park). This methodical advantage becomes more obvious as the analysis resolution is increased to city blocks or even individual buildings. The limitation of the analysis presented here lies in the demographic data being aggregated to census tracts based on population distributions. However, this spatial aggregation scheme is related to the analytical basis of both the urban climate maps and the accessibility metrics. First, the climate modelling applied to derive the data models the interactions between the buildings and the atmosphere in a sophisticated manner, in a microscale urban climate model that uses parameters of land-use data, building structure and variations in elevation in great detail (Žuvela-Aloise et al., 2012) . Second, network analyses for the calculation of walking distances to parks can be applied to any scale that is relevant for urban planning, i.e. city districts, census tracts, city blocks, or even individual buildings. For this study, network analyses were conducted for residential buildings and aggregated to census tracts. Given that climate, accessibility and demographic data are generally available to municipalities on a much finer scale than the data used in this study, the methodology presented here might be applied by city administrations to generate much more precise and better-informed outcomes. This could provide decision makers with new insights for better-informed, targeted and therefore more sustainable planning of urban green spaces.
